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Abstract  
Contact current flows through the human body when a high voltage line worker touches a distribution line that results in a high 
potential difference. In most cases it is difficult to measure how much contact current flows in the body. But, it is possible to 
determine the contact current easily if the body impedance between the two points of contact is known. Recently, development of 
an anatomic numerical human model with high resolution, and advancement of computer technology, have made calculations 
using such human models possible. We intend in this study to establish the electrical properties of a numerical model. The 
internal human body resistance between left wrist and left ankle, which was the typical current pathway at 60 Hz, was calculated 
using the model. From this result, partial resistance and current density on the cross-sectional plane of the body model can be 
visually viewed. The calculated value of the internal human body resistance was 1181Ω and had a value of about 2-fold 
compared to the 500-700 Ω value given in measurement results. Further work is necessary to fully understand the cause of this 
discrepancy, however some possible reasons are discussed. 
© 2016 The Authors. Published by Elsevier Ltd. 
Peer-review under responsibility of the organizing committee of the 12th EMSES 2015. 
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1. Introduction 
Contact current flows through the human body when a high voltage line worker touches a distribution line that 
results in a high potential difference. In most cases it is difficult to measure how much contact current flows in the 
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body. But, it is possible to determine the contact current easily if the body impedance between two points of contact 
is known. Electric shock, especially, a current flowing through a heart, is very dangerous since it can cause breathing 
difficulty, convulsions, and cardiac arrest [1]. Some measurements of an internal human body resistance for the 
typical current pathway have been reported [2, 3]. However, as the measurements were carried out under a particular 
pathway, resistance between two arbitrary points of contact cannot be determined from the reports. With this 
background, we intend in this study to investigate impedance of a numerically human body model that has been 
often used for electromagnetic dosimetry [4]. By establishing the electrical properties of such numerical human body 
model, impedance between arbitrary points on the surface of the body can be estimated. Human body impedance is 
given as internal impedance combined in series with skin impedance. At low frequency range, skin impedance 
changes greatly depending on contact area and surface wetness. Therefore, we consider only the internal human 
body impedance as a first step. 
Also, it is known that characteristics of impedance change when there are changes in the body, such as an 
increase in body fat and a tumor extent. This means that such numerical human models may be used for diagnosis by 
using impedance measurements with an appropriate electrode configuration. 
  In the present paper, we calculate human body impedance between the left wrist and left ankle of the numerical 
human model as an example. The calculated results are then compared with measured results which have been 
previously reported. 
2. Numerical Procedure 
2.1. Numerical human model 
A realistic numerical model of an adult male (Duke, 1.74 m in height, 70 kg in weight, 2 mm voxel size), 
comprising 77 tissues and organs, was used for the numerical calculation [4]. The model was developed by IT IS 
Foundation and used mainly for electromagnetic dosimetry at a wide frequency range. Both conductivity and 
permittivity (i.e., complex conductivity) values corresponding to a given tissue can be assigned to an individual 
voxel of the model. There are about 8 million voxels in the body area. The complex conductivity values used in the 
calculation are based on the measurements of Gabriel et al. [5, 6], which are commonly used in dosimetric 
calculations. The database is available online [7]. 
2.2. Numerical method 
Numerical calculation is carried out using a scalar potential finite difference (SPFD) method [8]. Figure 1 shows 
an equivalent circuit in a voxelized model. Since conductivity and permittivity of each tissue is known, using the 
impedance Z and unknown potential V at the center of each voxel, the current I flowing from adjacent voxel (i-1, j) 
to the target voxel (i, j) can be expressed by: 
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According to Kirchhoff's current law, the sum of the current which flows into the target voxel from the four adjacent 
voxels can be set to zero. This results in simultaneous equations related to all voxels when at least two electrodes, to 
which electric potentials are given in advance, are attached to the surface of the model. Here, the number of 
unknown values is the same as the number of voxels. By solving the equations by the successive over relaxation 
method, the electric field in each voxel and current flowing between any two adjacent voxels can be obtained. 
Finally, the human body impedance between the electrodes can be obtained by the current flowing between them. 
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By extracting the potential difference between the wrist and ankle, the human body impedance can then be estimated 
[9]. 
 
 
Fig. 1. Equivalent circuit of the human body model voxelized. The electrode to which electric potential is given in 
advance is attached to the surface. 
 
2.3. Conditions 
As a typical current pathway of the human body, we considered the pathway from the left hand to the left foot. 
The electrode surface area in contact with the left palm for applying a current was 144cm2, chosen to represent the 
grasping of a cylindrical electrode with the hand, as illustrated in Fig. 2. The electrode surface area in contact with 
the sole of left foot was 193cm2, corresponding to the sole of foot including the arches. Large areas are considered 
so that contact resistance with the electrode can be ignored. A voltage of 1.0V at 60Hz is applied across the 
electrodes. Also, skin has a very wide range of complex conductivity, depending largely on its moisture content, as 
it is sensitive to the external environment of the body. Therefore, skin conductivity is set to 0.1S/m to calculate only 
internal impedance.  
Bracken et al., measured the internal resistance between the wrist and the ankle using the four-terminal method 
[3]. Therefore, in this study, human body resistances were analyzed under the following conditions to allow 
comparison with the measurement results. As indicated in Fig. 2(a), two electrodes are attached to the wrist of left 
hand and the ankle of left foot for sampling potential difference, to estimate internal impedance between them. 
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(a)   (b)  (c) 
Fig. 2. (a) Four-terminal electrode configuration for estimating internal human body resistance; (b) Electrode area 
(dark region) on left palm for injecting a current; (c) left sole. 
3. Results 
3.1. Total internal resistance 
The calculated current flowing through the body was 6.234×10–4 + j1.033×10-6 A with complex notation. 
Therefore, the internal impedance between the electrodes for applying a current was estimated at 1604 – j2.66 Ω 
with the absolute value was 1604 Ω. As it is clear that the real part of the impedance is dominant, it can be regarded 
as resistance. Also, the extracted potentials on the electrodes of the wrist and ankle were 0.876 V and 0.139 V, 
respectively. From these results, the human body resistance between wrist and ankle (i.e., internal resistance) can be 
estimated as 1181 Ω. 
3.2. Partial resistance 
Fig. 3 shows the equipotential line distribution with 0.05 V intervals on the coronal plane of the human model. 
Here, the potential distribution is calculated by proportionally adjusting the distribution from 1.0 V at the left palm 
and 0.0 V at the left sole to 1.0 V at the left wrist and 0.0 V at the left ankle. Fig. 3 can be viewed as a ratio 
distribution of resistance, as resistance is proportional to potential difference at a constant current. It is found from 
Fig. 3, for example, that the resistance between left shoulder and knee is 20% of the total. This corresponds to 236 : 
which is relatively small as the cross-sectional area of this part of the body is much larger than the arm and leg. It 
can be seen that the resistance is dominant in the left arm and left leg as the interval of the equipotential lines is 
narrower in these regions. 
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Fig.3. Equipotential line distribution  Fig.4. Current density distribution 
on the coronal plane of the body 
 
3.3. Electric fields and current densities 
Fig. 4 shows the vector distribution of current density on the coronal plane of the human model. Here, the colour 
map indicates the magnitude of the current density, rather than the vector length. The direction of the internal 
electric field is the same as that of the current density in the body. From Fig. 4, the current pathway is clearly 
visible. Especially, the current densities are very high on the left side of the body where the electrodes are attached. 
In contrast, it can be seen that the current does not flow in the head, right arm, and right leg which are not along the 
current pathway. In addition, the current density is higher in parts of the body that have a lower cross-sectional area. 
Table 1 represents the percentage of the current flowing through a given tissue relative to the total conductive 
current on the horizontal cross-sections of the left forearm, abdomen, and left calf. In addition, the percentage of the 
tissue area in the same cross-section is also included. It is found that the current ratio for muscle is considerably 
higher than those for all other tissues, accounting for more than 65% of the total. Also, Fig. 5 shows the tissue and 
current density on the same cross-section of the left forearm as shown in Table 1. As shown in Table 1 and Fig. 5, 
internal resistance depends largely on muscle conductivity since the current flows mainly through the muscle in the 
body. 
In this manner, the distributions of current density and electric field in any tissues of the human model can be 
demonstrated in detail. Furthermore, other values, such as maximums and averages can be also estimated readily 
from the calculation. 
 
Table 1. Percentile ratio of tissue area and current passing through the cross-sections of the left forearm, abdomen, and left calf. 
 Left forearm Abdomen Left calf 
Area [%] Current [%] Area [%] Current [%] Area [%] Current [%] 
Muscle 
Fat 
Bone 
Blood 
Skin 
Others 
80.2 
2.4 
1.6 
1.3 
11.6 
2.9 
92.0 
0.5 
0.1 
2.7 
4.2 
0.5 
35.2 
28.0 
2.2 
0.8 
4.7 
29.1 
66.8 
11.7 
0.7 
2.6 
3.5 
14.7 
74.4 
3.0 
2.8 
1.1 
7.7 
11.0 
89.6 
0.6 
1.5 
4.7 
2.9 
0.7 
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(a)     (b) 
Fig.5. (a) Tissue and (b) current density on the cross-section of the left forearm. 
 
4. Discussion 
Dawson et al., have calculated human body resistance along several current pathways using a different numerical 
body model than the one considered here, including hand to hand, hand to both feet, and hand to all other 
extremities [10]. As these current pathways are different from the present pathway, the results cannot be compared 
directly. Therefore, we estimated the three partial resistances of arm, torso, and leg from the results, with resistance 
between hand (palm) and foot (sole) calculated at 1558 :. This resistance agrees very closely with our preliminary 
result between palm and sole of the model (see section 3.1). 
Table 2 represents the internal human body resistance (Ri) at the power frequency measured by others. It is found 
from the table that the measured resistances range from 500 to 700 : which is about half of the calculated results 
including the results by Dawson. The measurements of Biegermeir [2] and IEC 60479-1 [1] were obtained by 
applying higher voltage (i.e., 25V). It is well known that human resistance decreases as applied voltage increases; 
hence, the measurements may increase when applying lower voltage. Another potential reason for the discrepancy is 
that the setting of the conductivity of each tissue may differ from the true values. Although much blood with high 
conductivity is contained throughout the actual body, few voxels of blood are identified in the numerical model used 
in the study. Therefore, resetting the conductivity values in consideration of this may be needed for the calculated 
results to better match the measured values. 
 
Table 2. Comparison of internal human body resistance (Ri) at power frequency. 
Authors N#1 SD#2 Ri [:] Gender Measurement method Applied  voltage or current 
Skin 
condition 
Biegermeir, 1985 [2] 
Bracken, 2008 [3] 
IEC 60479-1 [1] 
IEC 60990 [11] 
7 
191 
- 
- 
55 
70 
- 
- 
516 
575 
775 
500 
Male 
Male 
- 
- 
Initial total impedance 
Four-terminal method 
- 
- 
100-1000 V 
20mA 
25 V 
- 
Wet 
Dry 
- 
- 
 #1: Number of samples; #2: Standard deviation 
 
5. Conclusion 
In the present paper, a numerical calculation of the human body impedance for the current pathway of left hand 
to left foot was examined using a realistic human model of an adult male. We may draw the following conclusions: 
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(1) The internal human body impedance can be regarded as resistance which was calculated to be 1181 Ω. This is 
in excellent agreement with calculated results in other studies. But, those calculated resistances are approximately 2-
fold higher than measured values, which range from 500 to 700 Ω. Further work is necessary to fully understand the 
cause of this discrepancy. 
 
(2) From the present calculation procedure, it is possible to estimate the partial and total resistances, internal 
electric field, and current density, as well as electric potentials in the human body model. These values may be 
useful in medical applications in the future. 
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